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(57) ABSTRACT 

In a cluster-Structured disk Subsystem, when creating a 
Volume for an online backup Separately from a volume for 
a normal I/O, it is desirable to be able to achieve Such a 
creation for any Volume under Subsystem. Further, with an 
increase in the capacity of the Subsystem, it becomes more 
difficult for a user to determine where to place a volume to 
which data is to be copied. Thus, a cluster-Structured Storage 
system is provided in which it is possible to reference/renew 
Snapshot control information in shared memory of other 
clusters and achieve a Snapshot between clusters via an 
inter-cluster connecting mechanism. In this System, control 
is performed inside/outside the cluster, and a control is 
performed inside/outside the cluster, and a volume to which 
data is to be copied is Suggested to the user. 

10 Claims, 11 Drawing Sheets 
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COMPUTER SYSTEMAND A METHOD OF 
REPLICATION 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of effecting 
replication of data in a computer System. 

In recent years, there has been demands for shortening the 
time which is required to make a copy of data Stored in a 
Storage owned by a corporation (hereafter, called a 
“backup’) and to Store this backup copy in another Storage. 
This is because, while the time required for backups is ever 
increasing in accordance with an increase in the amount of 
information owned by the corporation, the actual time 
assigned for Such backups is being shortened due to the 
longer Service hours of the corporation. 
As a technique used to backup data Stored in a storage 

without interrupting the daily operation of the corporation, 
a procedure called a Snapshot has been proposed. A Snapshot 
is a function in which a copy is made of the contents of a 
Storage area in the Storage at a particular moment without 
using a computer connected to the Storage. With this 
function, the user uses an original Storage area for busineSS 
use and uses data Stored in the copied Storage area for a 
backup. 
As a technique to enhance the Scalability of a storage 

connected to a network, a cluster-Structured Storage System 
can be used. The cluster-Structured Storage System is based 
on a technique in which a conventional Storage System, Such 
as a disk array device, is regarded as one cluster, and a single 
Storage System is constructed of a plurality of clusters. 

So far, there are no documents in which execution of a 
Snapshot in a cluster-Structured Storage System is Suggested. 
Further, a simple combination of a cluster-Structured Storage 
System and a conventional SnapShot technique merely results 
in a technique for copying Storage areas within one cluster. 

However, when copies of Storage areas cannot be made 
between different clusters, there will exist a storage area to 
which another Storage area can be copied and a storage area 
to which another Storage area cannot be copied in one 
cluster-Structured Storage System, thereby ruining the 
Scalability, which is the primary object of the cluster 
Structured Storage System. 

Further, if there are both a storage area from which data 
is copied and a storage area to which data is copied in the 
Same cluster, the performance of Such a cluster will not be 
improved. For example, when a storage area to which data 
is to be copied is created in the same cluster, an I/O of the 
operation is performed in the Storage area from which data 
is copied and an online backup is made from the Storage area 
to which data is copied, the cache memory contained in one 
cluster is shared by both the operation and the backup. Thus, 
the backup disturbs the normal I/O operation, which results 
in a delay in the operation. Further, if loads are concentrated 
on a particular cluster, the Overall performance will also be 
deteriorated. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a cluster 
Structured Storage System in which a copy of the contents of 
a Storage area can be made freely without concern for 
clusters. 

Further, in a cluster-Structured Storage System in which a 
copy of the contents of a storage area can be made freely 
without concern for clusters, a user may be at a loSS as to 
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2 
where to reserve a storage area to which data is to be copied. 
Thus, a Second object of the present invention is to help the 
user determine a storage area to which data is to be copied. 

In order to solve the above problems, in one preferred 
embodiment of the present invention, there is provided a 
means to achieve a SnapShot between clusters in a cluster 
Structured Storage System. To be more specific, the present 
invention makes it possible to reference information, Such as 
unassigned Volumes of the cluster Stored in the memory of 
each cluster, So that each cluster can acquire information 
Such as unassigned Volumes of other clusters. 

Further, when the user determines a volume to which a 
Snapshot is to be copied, there is provided a means to Suggest 
which Volume to Select using a computer connected to the 
cluster-Structured Storage System. 

Also, in an alternative embodiment of the present 
invention, when the cluster-Structured Storage System 
executes a Snapshot, the computer connected to the cluster 
Structured Storage System recognizes in which cluster a 
volume from which data is to be copied exists. Further, a 
means is provided to Suggest to the user that, of all the 
unassigned Volumes in the disk Subsystem, a Volume in a 
cluster, that is different from the cluster which includes the 
Volume from which data is to be copied, should be used as 
a volume to which data is to be copied. 

Also, to avoid a biased backup load between clusters, a 
means is provided in which a computer connected to the 
cluster-Structured Storage System refers to the monitored 
result of the load in the disk Subsystem; and, based on the 
monitored result of the load, a volume to which data is to be 
copied is proposed. 

Other and further objects, features and advantages of the 
invention will appear more fully from the following descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an embodiment of a 
computer System of the present invention; 

FIG. 2 is a diagram which shows an example of a pair 
information table; 

FIG. 3 is a diagram which shows an example of a volume 
information table; 

FIG. 4 is a diagram which shows a listing table for pair 
information table Storing addresses of other clusters, 

FIG. 5 is a flowchart showing a procedure for executing 
a Snapshot; 

FIG. 6 is a processing flowchart of a Snapshot in a cluster; 
FIG. 7 is a processing flowchart of a true volume cluster 

of a SnapShot between clusters, 
FIG. 8 is a processing flowchart of a sub-volume cluster 

of a SnapShot between clusters, 
FIG. 9 shows a block diagram of a program structure for 

Suggesting a Volume to which data is copied; 
FIG. 10 is a diagram which shows an example of a 

Sub-volume Selection-Support Screen; and 
FIG. 11 is a diagram which shows an example of a 

Sub-volume Selection-Support Screen. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

FIG. 1 is a block diagram showing an embodiment of a 
computer System in accordance with the present invention. 
The computer System comprises a cluster-structured Stor 

age System 1, a computer (hereafter called a "server”) 3 
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using data Stored in the cluster-Structured Storage System 1, 
and a computer (hereafter called a "user input device') 4 for 
controlling the cluster-Structured Storage System 1. Also, 
these devices are connected to each other via a network 2. 

The cluster-Structured Storage System 1 comprises a plu 
rality of clusters 11 and an inter-cluster connecting mecha 
nism 12 connecting the clusters 11. In particular, the inter 
cluster connecting mechanism 12 may be a Switch or a 
communication line. 

Each cluster 11 comprises a control Section 10, a plurality 
of disk units 15, and a network interface 18. Each cluster 11 
is connected to the Server 3, which is its host computer, and 
to the user input device 4 via the network 2 and the network 
interface 18. 

The control section 10 comprises a memory unit 19, a 
plurality of CHAS (Channel Adapters) 13, and a plurality of 
DKAS (Disk Adapters) 14. The CHAS 13 and the DKAS 14 
are processors mounted in the control section 10. A CHA13 
conducts an analysis of commands inputted from the Server 
3 to the cluster 11 via the network interface 18, and it 
executes a program for transferring data between the Server 
3 and the cluster 11. Also, it is possible for a single processor 
to serve as both a CHA and a DKA. In this case, the design 
will be easier compared to the case of a Structure using a 
plurality of processors. 
When the cluster-Structured Storage System 1 corresponds 

to the Server 3, in which an operating System of a So-called 
open System type is put into effect, as hardware and a 
program related to the interface 18 that is disposed between 
the Server 3 and the cluster-structured Storage System 1, one 
that corresponds to the operating System of the open System 
type is adopted. 
A DKA 14 carries out control of a disk array, Such as 

generating parity, and executes a program to control the 
transfer of data between the disk unit 15 and the control 
section 10. Each disk unit 15 has a plurality of ports and is 
connected to different DKAS 14 via a plurality of paths. 
Therefore, a disk unit 15 can be accessed from any DKA 14. 

The memory unit 19 comprises shared memory 17 and 
cache memory 16, which can be accessed from various 
processors, Such as a CHA and a DKA. Those processors 
Store data, which should be shared among them Such as 
information necessary for job management and information 
for controlling the cache memory, in the shared memory 17. 

The shared memory 17 stores volume pair information 
172, to be used when executing a Snapshot, a process request 
queue 173, and an other cluster information-storing position 
table 171, which is information necessary during the inter 
action between clusters. The term “pair” refers to a set of 
Storage areas, including a storage area from which data is to 
be copied (hereafter called an “original volume”) and a 
Storage area to which data is to be copied (hereafter called 
a “target volume”). 
The DKA 14 has, in its memory, a Snapshot execution 

program 141, which is a program for executing a Snapshot, 
an inter-cluster information access program 142, which is a 
program for accessing information between clusters, and an 
inter-cluster communication program 143, which is a pro 
gram for communication between clusters. 

The user input device 4 is a device to be used by the user 
of the cluster-Structured Storage System 1 to indicate a target 
Volume to the cluster-Structured Storage System 1 when the 
user instructs the cluster-Structured Storage System 1 to 
execute a SnapShot. To be more Specific, it is a Service 
terminal, such as a SVP. The user input device 4 comprises 
an operation part, a memory, an interface with the network, 
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4 
and a display Screen 41. The operation part of the user input 
device 4 executes a program Stored in the memory, and it 
presents candidate target Volumes to a user on the display 
Screen 41 to visually Support the user in the Selection of a 
target Volume. Also, the Server 3 and the user input device 
4 may be the same computer. 

FIGS. 2 and 3 show the configuration of volume pair 
information 172 to be stored in the shared memory 17. The 
Volume pair information 172 comprises a pair information 
table 21 and a volume information table 31. Hereafter, an 
original Volume is called a “primary Volume” and a target 
volume is called a “secondary volume.” 
The pair information table 21 contains a pair number 

entry 22, a primary Volume number entry 23, a Secondary 
Volume Volume number entry 24, a Secondary Volume 
cluster number entry 25, a pair State entry 26, and a copy 
pointer entry 27. 

Information to show a pair consisting of a primary Volume 
and a Secondary volume, namely, a pair number, is registered 
in the pair number entry 22. Information to show a primary 
Volume, constituting a corresponding pair, is registered in 
the primary volume number entry 23. Information to show 
numbers of a cluster to control the Secondary Volume and the 
Volumes are registered in the Secondary volume Volume 
number entry 24 and the Secondary volume cluster number 
entry 25, respectively. 

In the pair State entry 26, information is registered to show 
whether the corresponding pair is being copied or has been 
copied. In the copy pointer entry 27, information is regis 
tered to show how far the primary volume of the corre 
sponding pair has been copied. 

In the volume information table 31, information to be 
used for a snapshot is registered. The volume information 
table 31 contains a volume number entry 32, a primary/ 
Secondary entry 33, a Secondary volume Volume number 
entry 34, a secondary volume cluster number entry 35, and 
a volume attributes entry 36. 

In the volume number entry 31, information is registered 
to specify a storage area (hereafter called a “volume”) 
contained in the cluster-Structured Storage System 1. In the 
primary/secondary entry 33, information is registered to 
show whether a corresponding Volume is a primary volume 
or a Secondary Volume. When the corresponding Volume is 
a primary Volume, information on the Secondary volume 
constituting the pair is registered in the Secondary volume 
volume number entry 34 and the secondary volume cluster 
number entry 35. In the volume attributes entry 36, infor 
mation is registered to show whether the corresponding 
Volume can be set as a target Volume of the Snapshot. 
AS an example, FIG. 3 shows a case in which three pairs 

are produced with respect to a Volume whose volume 
number is “0.” The counterparts of the volume whose 
volume number is “0” are defined as volume Nos. 20, 158, 
and 426 of the cluster No. 1. 

In order to achieve a Snapshot between clusters, every 
cluster 11 has a pair of tables, including an information table 
21 and a volume information table 31, stored as volume pair 
information 172 in the shared memory 171 thereof. The 
volume information table 31 of a cluster 11 has the infor 
mation of all of the volumes contained in the cluster 11. On 
the other hand, in the pair information table 21 of a cluster 
11, only the information of a pair related to the cluster 11 is 
registered. Therefore, the information of pairs that the whole 
cluster-Structured Storage System 1 includes is distributed to 
and held by each cluster. For example, in a cluster 11, in 
which a primary Volume of a SnapShot is physically Stored, 
pair information corresponding to the Stored primary Volume 
is Stored. 
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FIG. 4 shows the contents of the other cluster 
information-storing position table 171 that is stored in the 
shared memory 17. 

In accordance with the present invention, the memory 
Space of the shared memory 17 contained in each cluster 11 
is treated virtually as one memory Space. In this case, the 
memory Space of each cluster 11 may be sequentially 
allocated to a single virtual memory Space, or it may be 
allocated independently. 
The cluster information-storing position table 171 con 

tains a cluster number entry 82, a top address entry 83 of the 
pair information table 21, and a top address entry 84 of the 
volume information table 31. In the entry 82, cluster num 
bers to Specify clusters are registered. 

In the entry 83, a top address is registered to indicate a 
Storing position of the pair information table 21 in the 
memory space of the virtual shared memory. In the entry 84, 
a top address is registered which contains a storing position 
of the volume information table 31 in the memory space of 
the Virtual shared memory. 
When executing a snapshot between clusters, the DKA 14 

has to reference/renew Snapshot information (the informa 
tion stored in the pair information table 21 and the volume 
information table 31) of other clusters. In this case, accord 
ing to a Volume number indicating a volume to be accessed 
and a cluster number indicating a cluster 11 controlling the 
volume, the DKA 14 searches the other cluster information 
Storing position table 171, and calculates a position at which 
information on the corresponding Volume is registered. 

For example, Volume information on the Volume of clus 
ter No. 1 and volume No. 4 is stored in the shared memory 
17 of a cluster 11, which corresponds to an address in the 
Virtual shared memory Space calculated by the following 
expression. 

Top address for storing volume information table of 
cluster No. 1+Amount of information per volumex4. 
AS described above, by treating all of the Shared memory 

17 contained in the cluster-Structured Storage System 1 as 
Virtually one memory Space, it becomes possible for the 
DKA 14 to reference/renew snapshot information stored in 
the shared memory 17 of all the clusters 11 of the cluster 
Structured Storage System 1. 

FIG. 5 is a flowchart showing a procedure for executing 
a Snapshot in the cluster-Structured Storage System 1. 

First, with the user input device 4, a user Selects an 
original volume and a target Volume for the Snapshot, 
regards the Selected Volumes as a copy pair, and Specifies a 
corresponding pair number. The procedure, in detail, of the 
selection of the target volume will be described later (step 
4001). 
When the pair is specified, in order to allow the cluster 

Structured Storage System 1 to execute the copying with 
respect to the Specified pair, the Server 3 gives the cluster 
Structured Storage System 1 a command for requesting the 
Start of a Snapshot. This command is issued to a cluster 11 
having a true volume of the determined pair (step 4002). 
Upon receipt of the command from the server 3, a CHA 

13 of the cluster 11 analyzes the command, creates a job that 
can be processed by a DKA 14, and registers it in a proceSS 
request queue 173 of the shared memory 17 as a proceSS 
request. The process request may be the same as that of a 
normal I/O, or it may be a request eXclusively used for a 
Snapshot (step 4003). 
A DKA 14, which is not executing a job, examines the 

contents of the process request queue 173 at predetermined 
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6 
time intervals. When a request to indicate the unexecuted 
process is registered in the process request queue 173, the 
DKA 14 acquires the request indicating the proceSS and 
executes a Snapshot corresponding to that request. Further, 
when the Specified true Volume is already processing another 
Snapshot, the DKA 14 waits until that processing is over, or 
it notifies the user of the situation. The DKA 14 examines 
contents of a pair State entry 26 corresponding to the 
Specified primary volume, and checks to determine if 
another snapshot is being processed (step 4004). 
Now, the Snapshot processing in step 4004 will be 

described. 

FIG. 6 is a flowchart which shows a procedure used for 
creating a target Volume in the cluster 11 where the original 
Volume exists. In this case, the one cache memory 16 
contained in the cluster 11 is used for the Snapshot proceSS 
ing. 

Hereafter, the Storage capacity of the whole original 
volume will be indicated as “n” data blocks, and the amount 
of data to be transferred from the original volume to the 
target Volume in a single process will be indicated as “m” 
data blocks. Further, the amount of data of one block is 
typically 512 bytes. 
The DKA 14 of the cluster 11 checks to see, among data 

stored in the primary volume, whether the first m data blocks 
to be copied exist in the cache memory 16 (step 7001). When 
any of these data blocks do exist in the cache memory 16, 
the DKA 14 further checks to determine how many of m data 
blocks remain in the cache memory 16 (step 7002). 
When even one data block of the m data blocks is missing 

in the cache memory 16, the DKA 14 reserves an area in the 
cache memory 16 into which to read the rest of the data 
blocks from the disk unit 15 (step 7004). Then, the DKA 14 
reads out the rest of the data blocks from the disk unit 15 into 
the reserved area in the cache memory 16 (step 7005). 
Upon completing the readout of the data block of the 

primary Volume, the DKA reserves a storage area into which 
the data block is to be copied in the area corresponding to the 
secondary volume of the cache memory 16 (step 7006). 
When the storage area is reserved, the DKA 14 transfers m 
data blocks from the area of the cache memory 16, corre 
sponding to the primary volume, to the area of the cache 
memory 16 corresponding to the Secondary Volume. Also, 
when copying data, identifiers have to be given to the data 
independently. Since different identifiers are given to data 
from different volumes, the data is transferred while their 
identifiers are being converted (step 7007). 
On the other hand, when it is determined in step 7002 that 

all m data blocks are already in the cache memory 16, the 
DKA carries out steps 7006 and 7007 without any adjust 
ment. 

When it is determined that the data blocks to be copied do 
not exist at all in the cache memory 16 in step 7001, the 
DKA 14 reserves a storage area, having a size corresponding 
to the amount of data to be copied to the Secondary volume 
Side, namely, a storage area for m data blocks, in an area 
corresponding to the Secondary Volume of the cache 
memory 16 (step 7008). 
The DKA 14 then reads m data from the disk unit 15 on 

the primary volume Side, and it transferS the data to an area 
of the cache memory 16 on the Secondary Volume side, 
while converting the identifiers (step 7008). 
When the data is Stored in the area corresponding to the 

secondary volume of the cache memory 16, the DKA 14 
Starts the process of writing data on the disk unit 15 
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corresponding to the secondary volume. First, the DKA 14 
checks to See, at predetermined time intervals, if the amount 
of data not written into the disk unit 15 in the cache memory 
16 exceeds a predetermined boundary value (steps, 7010 and 
7017). When the amount of data is less than the boundary 
value, the DKA 14 checks to determine whether a predeter 
mined time has passed, and it checks again if the amount of 
data has exceeded the boundary value (step 7011). 
When the amount of data is equal to or over the boundary 

value, in order to generate parity of the data on the Secondary 
Volume Side, the DKA 14 reserves a Storage area of the cache 
memory 16 for the amount of data corresponding to the 
parity (step 7012). Then, the DKA 14 carries out generation 
of parity (step 7013). 

The DKA 14 then checks to see if the data stored in the 
cache memory 16, with its parity generated, is as much as 
the amount of data of the unit to be written to the disk unit 
15 (step 7014). If the predetermined amount of data has been 
achieved, the DKA 14 writes the data of the cache memory 
16 to the disk unit 15 (step 7015). If the predetermined 
amount of data has not been achieved, the DKA 14 repeats 
the process of step 7014. 

Then, the DKA 14 checks to see if the copied amount of 
data has reached “n” data blocks (step 7016). If the amount 
of data has not reached “n” data blocks, the DKA 14 repeats 
the process of step 7001 and the succeeding steps until the 
copied amount of data reaches “n” data blocks, and com 
pletes the proceSS when the amount of data reaches “n” data 
blocks. Further, in step 7016, the pair state 26 of the volume 
pair information 21 and the value of the copy pointer 27 are 
renewed. 

The amount of data “n” is determined optionally. 
However, in general, it corresponds to the amount of a 
logical volume provided to the external device by the 
cluster-Structured Storage System. In the present 
embodiment, one cache memory 16 is divided So as to be 
used on the primary Volume side and on the Secondary 
volume side. However, the cache memory 16 may be used 
without being divided. 
Now, the process of performing a Snapshot between 

clusters creating a target Volume in a cluster 11, which is 
different from an original volume, will be described. 

FIG. 7 is a flowchart showing steps of processing for the 
cluster 11 of the primary volume in the Snapshot between 
clusters. 
The process from step 5001 to step 5009 is the same as the 

process from step 7001 to step 7009 that has already been 
described with reference to FIG. 6. However, the process 
from step 5006 to step 5009 extends over the cluster 11. In 
this case, the DKA 14 transferS data via an inter-cluster 
connecting mechanism 12. Further, the cluster 11 of the 
primary Volume can use, as a cache memory 16 to which 
data is transferred, either the cache memory 16 contained in 
the cluster 11 on the primary volume side or the cache 
memory 16 contained in the cluster 11 on the Secondary 
volume side. The following example will be discussed on 
the assumption that the cache memory 16 contained in the 
cluster on the Secondary Volume side is used. 
When the DKA 14 of the cluster 11 of the primary volume 

reserves a Storage area of the cache memory 16 in the cluster 
11 of the Secondary Volume, or transferS data to the cache 
memory 16 in the cluster 11 of the secondary volume, the 
DKA 14 of the cluster 11 of the primary volume directly 
gains access to shared memory 17 in the cluster 11 of the 
Secondary Volume Via the inter-cluster connecting mecha 
nism 12. Which location to access in the shared memory 17 
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is determined according to the previously described method 
and by calculating a virtual address of the shared memory 17 
to be accessed. 

Upon completing the transfer of m data blocks to the 
cache memory 16 of the cluster 11 of the secondary volume, 
the DKA 14 of the cluster 11 of the primary volume checks 
to see if there is additional data to be transferred (step 5010). 
If there is, the DKA 14 returns to step 5001 and repeats the 
transfer. If there isn’t, the DKA 14 completes the process. 

FIG. 8 is a flowchart of a snapshot carried out in the 
cluster 11 of the secondary volume. 

In the cluster-structured Storage System 1, processing 
between clusters 11 is carried out independently. Therefore, 
the cluster 11, having a storage area which is to be a 
Secondary Volume, cannot determine whether the Snapshot 
has started in the cluster 11 of the primary volume. in 
particular, whether data has been transferred to its own cache 
memory 16. Therefore, according to the present 
embodiment, the DKA 14 of the cluster 11 of the primary 
volume notifies the DKA 14 of the cluster 11 of the sec 
ondary volume of timing for executing the Snapshot. 

For example, the DKA 14 of the cluster 11 of the primary 
volume stores a message to start the DKA 14 of the cluster 
11 of the Secondary Volume in an exclusive queue for 
messages (not shown) provided in the shared memory 17. 
The DKA 14 of the cluster 11 of the secondary volume 
periodically checks to see if a message is registered in the 
exclusive queue for messages. If there is a message, the 
DKA 14 of the cluster 11 of the secondary volume acquires 
the message and Starts a job corresponding to the Snapshot 
processing. 
Upon acknowledging the message from the cluster 11 of 

the primary volume, the DKA 14 of the cluster 11 of the 
Secondary Volume references control information of the 
cache memory in the shared memory 17 of the cluster 11 and 
checks to see if data to be copied is accumulated in its own 
cache memory 16. If the data has not been accumulated, the 
DKA 14 of the cluster 11 of the secondary volume waits a 
predetermined period of time, and then checks again (Steps 
6001 and 6002). 

In the case where data is accumulated in the cache 
memory 16, in order to generate parity corresponding to the 
data stored in the cache memory 16. the DKA 14 of the 
cluster 11 of the Secondary volume reserves a storage area of 
the cache memory 16 for the parity (step 6003). 

Then, the DKA 14 of the cluster 11 of the secondary 
Volume generates parity for the data Stored in the cache 
memory 16 (step 6004). When data is stored up to a 
predetermined unit in the cache memory 16, the DKA 14 of 
the cluster 11 of the secondary volume stores the data in the 
disk unit 15 (step 6005 and 6006). 

In the present embodiment, when the DKA 14 of the 
cluster 11 gains access to information Stored in the shared 
memory 17 of the other cluster 11, an inter-cluster connect 
ing mechanism 12 is used. However, when the inter-cluster 
connecting mechanism 12 has a fault or other problem, the 
DKA 14 of the cluster 11 is able to gain access to the shared 
memory 17 of the other cluster 11 via the network 2. In that 
case, it is necessary to define in advance which one of 
communication paths to the network 2 to use for transfer. 
When a snapshot is carried out, the cluster 11 on the 

primary Volume Side references a dirty amount of data in the 
cluster 11 of the Secondary volume, and executes the Snap 
shot while watching that the dirty amount does not exceed 
a threshold value. Among data in the cache memory, “dirty 
data' is data which is not reflected in the disk unit 15. Also, 
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the term “dirty amount” refers to the total amount of dirty 
data in all of the cache memory in the cluster. 
When executing a Snapshot in the cluster-Structured Stor 

age System 1, first, a user has to Select a Secondary volume 
to which data is to be copied. Now, a method to Support the 
Selection of a Secondary Volume in the cluster-Structured 
Storage System 1 will be described. 

The user input device 4 provides the user with informa 
tion on a Volume to which the Snapshot is taken by executing 
a program 42, shown in FIG. 9, for presenting a target 
Volume. The user input device 4 can be a personal computer 
or a notebook-sized personal computer, for example. 

The user input device 4 recognizes the cluster-Structured 
Storage System 1 via the network 2. Also, the user input 
device 4 may be directly connected with each cluster 11 
contained in the cluster-Structured Storage System 1 using a 
dedicated line. In Such a case, an exchange of data between 
the user and the cluster-Structured Storage System 1 does not 
affect the traffic load of the network 2. 

AS Seen in FIG. 9, target Volume presenting program 42 
comprises a program 191 for acquiring data in the cluster, 
which acquires constituent information (Such as unassigned 
volume numbers) of each cluster 11 of the cluster-structure 
Storage System 1, a Suggested Volume control program 192 
for Selecting a volume to be Suggested to the user from the 
acquired constituent information of the cluster 11 and vari 
ous conditions (Such as a request to select a target volume 
inside/outside the cluster of the original volume), and a 
Subprogram of a display program 193 for displaying the 
Suggested Volume on the display Screen 41. 

The data acquisition program 191 is executed when 
acquiring unassigned Volume information Stored in the tar 
get cluster-Structured Storage System 1. Further, unassigned 
Volume information is acquired from all the clusters 11. 
Upon acquiring data, an exclusive command is used, and 
volume state information, which indicates whether the vol 
ume stored in the shared memory 17 via the CHA 13 is 
available, is acquired. 

Also, there is another method which may be used to Select 
an unassigned Volume in the cluster 11 and give information 
on the unassigned Volume alone to the user input device 4. 
This method takes some of the load off the user input device 
4. 

Based on acquired data of the cluster Structure, the 
Suggested Volume control program 192 is executed to con 
trol candidate Volumes according to each cluster 11. 

The display program 193 is a program to be executed 
when Suggesting a volume to the user visually with a display 
Screen 41. 

The user input device 4 accepts an input, Such as a change 
in display mode, from the user via an interface for the user 
input. With respect to the contents displayed on the display 
Screen 41, when receiving an input from the user, the user 
input device 4 executes the Suggested Volume control pro 
gram 192 to process the input from the user and displays the 
result again on the display Screen 41. 

For example, when the user wishes candidates of the 
Secondary volume to be Suggested within the Same cluster 
11, the user inputs a request accordingly. Then, the user input 
device 4 executes a candidate Selection program 1921 
according to the cluster in the Suggested Volume control 
program 192 to Select the candidate Volume and displays it 
on the display Screen 41. 

Further, when a particular one of the Volumes Suggested 
above is Selected and copied, the user input device 4 
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10 
produces information predicting how much the operation is 
delayed, Selects the candidate Volume according to Such 
prediction, and displays it on the Screen. For example, the 
user input device 4 acquires, from history monitor informa 
tion of the cluster-Structured Storage System 1, the number of 
I/O operations to and from the volume contained in the 
cluster-structured Storage system 1 over the last one hour (or 
Specified time period) and the amount of data transferred. 
ASSuming that the cluster-Structured Storage System 1 is in 

a State based on the acquired information, the user input 
device 4 Simulates how much load is given in this State when 
a process to create a copy Volume in the Volume specified by 
the user is added to the cluster-Structured Storage System 1, 
and how much the I/O is usually delayed. Then, according 
to the result, the user input device 4 puts candidate Volumes 
in order of priority and communicates this to the user. 

FIG. 10 shows an example in which, when input data 92 
inputted by the user are a cluster number and a volume 
number of the original Volume, candidates for a target 
Volume are narrowed and displayed on the display Screen 41 
by the user input device 4 So that the user can easily Select 
the target volume. In FIG. 10, unassigned volume numbers 
in the cluster 11, where the original Volume exists are listed 
and displayed. According to a display mode 93, the user can 
select either a list mode (FIG. 10) or a view mode (FIG. 11). 

In the display of the view mode (FIG. 11), the physical 
positional relationship of Volumes is displayed diagrammati 
cally according to each cluster 11. Therefore, the user can 
recognize unassigned Volumes, etc. at a glance. Further, in 
the display of the view mode (FIG. 11), the user can easily 
decide whether to make a copy in the cluster 11 where the 
original Volume exists, or to make a copy in a different 
cluster 11. 
The user input device 4 may Suggest to the user all the 

Volumes which can be candidates of Secondary volumes, or 
it may narrow the candidates of Secondary volumes and 
Suggest fewer Volumes to the user. Further, the user input 
device 4 may have a function to Select one volume from the 
previously described candidates of Secondary volumes. 
When the user wishes to select a use for each cluster and 

Store a Volume, it is possible for the user to employ the input 
device 4 to Select a volume according to the decision of the 
user. For example, when the user wishes to Store data of 
Company A in a cluster 1 and data of Company B in a cluster 
2, using the user input device 4, the user enters, in advance, 
information on a correlation between the clusters and the 
companies. When the user newly creates a Volume, accord 
ing to a company name specified by the user, the user input 
device 4 recognizes a proper cluster and Suggests an unas 
signed Volume in the cluster. 
AS an alternative embodiment, it is possible for the user 

to specify the use of a primary volume in the cluster 1 for 
Storing and the use of a Secondary volume in the cluster 2 for 
Storing. In this case, the user can use each cluster for a 
different purpose, Such as the cluster 1 for accepting a 
normal I/O and the Sub-cluster for a test I/O, etc. With this 
usage, the performance of the normal I/O does not deterio 
rate. Further, even when a cluster on the test Side has a fault, 
the user can close the cluster without affecting the cluster 
used for the normal I/O at all. Further, the cluster 2 serves 
as a backup of the cluster 1. Thus, by making a backup in 
another cluster, the availability of the System as a whole is 
enhanced. 

Further, when a particular cluster is operating under heavy 
load conditions, the user input device 4 may Suggest that the 
user Select a Secondary volume in a different cluster So that 
the load is distributed all over the cluster-Structured Storage 
System 1. 
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According to the present invention, without any concern 
for the clusters, the user can copy data by use of a Snapshot 
function to any Volume of any cluster in the cluster 
Structured Storage System. Thus, the Scalability of the 
cluster-Structured Storage System is enhanced. 

The present invention has been described in terms of 
preferred embodiments. However, those skilled, in the art 
will recognize that many variations of Sub-embodiments 
exist. Such variations are intended to be within the Scope of 
the present invention and the appended claims. 
What is claimed is: 
1. A computer System, comprising: 
a cluster-Structured Storage System having a plurality of 

Storage Systems, and 
a computer connected to Said cluster-Structured Storage 

System, 
wherein each of Said plurality of Storage Systems includes 

a memory in which information on a storage area 
contained in the Storage System is Stored, 

wherein a first Storage System of Said plurality of Storage 
Systems operating to acquire information in the 
memory contained in a Second Storage System of Said 
plurality of Storage Systems based on an instruction of 
Said computer and to transfer data from a Storage area 
contained in the first Storage System to a storage area 
contained in Said Second Storage System based on Said 
acquired information, 

wherein Said first Storage System and Said Second Storage 
System are connected via an inter-cluster connecting 
mechanism directly, 

wherein Said first Storage System acquires Said acquired 
information from Said Second Storage System via Said 
inter-cluster connecting mechanism, and 

wherein Said first Storage System sends data to Said Second 
Storage System via Said inter-cluster connecting mecha 
nism. 

2. A computer System according to claim 1, wherein the 
memory contained in each of Said plurality of Storage 
Systems is mapped in one virtual memory Space. 

3. A computer System according to claim 2, wherein Said 
computer has a display Screen, and, when copying a volume 
in Said first Storage System, the computer displays a volume 
contained in Said Second storage System, as a candidate to 
which data is to be copied, on Said display Screen. 

4. A computer System according to claim 2, wherein Said 
computer has a display Screen, and, when copying a volume 
in Said first Storage System, Said computer displays a volume 
contained in Said first Storage System, as a candidate to 
which data is to be copied, on Said display Screen. 

5. A computer System according to claim 2, wherein Said 
Second Storage System has a plurality of disk drives and a 
controller, 

wherein Said controller Stores said data Sent by Said first 
Storage System into the memory of Said Second storage 
System, and 

wherein Said controller moves Said data Stored in the 
memory into Said plurality of disk drives after receiving 
an instruction from the first Storage System via Said 
inter-cluster connecting mechanism. 

6. A computer System according to claim 1, wherein Said 
first Storage System and Said Second Storage System are 
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connectable via network, and when Said inter-cluster con 
necting mechanism breaks down, Said first Storage System 
transferS data to Said Second Storage System via Said network 
instead of Said inter-cluster connecting mechanism. 

7. A cluster-Structured Storage System, comprising: 
means for connecting the System with a computer; 
a plurality of Storage Systems, and 
an inter-cluster connecting mechanism which inter 

connects Said plurality of Storage Systems, 
wherein each of Said plurality of Storage Systems includes 

a memory in which information on a storage area 
contained in the Storage System is Stored, 

wherein a first Storage System of Said plurality of Storage 
Systems operating to acquire information in the 
memory contained in a System Storage System of Said 
plurality of Storage Systems and to transfer data from a 
Storage area contained in Said first Storage System to a 
Storage area contained in Said Second Storage System 
based on Said acquired information, 

wherein Said first Storage System acquires said acquired 
information from Said Second Storage System via Said 
inter-cluster connecting mechanism, and 

wherein Said first Storage System sends data to Said Second 
Storage System via Said inter-cluster connecting mecha 
nism. 

8. A cluster-Structured Storage System according to claim 
7, wherein Said first Storage System and Said Second Storage 
are connectable via network, and when Said inter-cluster 
connecting mechanism breaks down, Said first Storage Sys 
tem transfers data to said second storage system via said 
network instead of Said inter-cluster connecting mechanism. 

9. A cluster-Structured Storage System according to claim 
7, wherein Said Second Storage System has a plurality of disk 
drives and a controller, 

wherein Said controller Stores Said data Sent by Said first 
Storage System into the memory of Said Second storage 
System, and 

wherein Said controller moves said data Stored in the 
memory into Said plurality of disk drives after receiving 
an instruction from the first Storage System via Said 
inter-cluster connecting mechanism. 

10. A method of data replication in a computer System 
including a cluster-structured Storage System having a plu 
rality of Storage Systems and a computer connected to Said 
cluster-Structured Storage System, said method comprising 
the Steps of: 

Storing, in a memory in each of Said plurality of Storage 
Systems, information on a storage area contained in the 
respective Storage System; 

acquiring information in the memory contained in a 
Second Storage System of Said plurality of Storage 
Systems by using a first Storage System of Said plurality 
of Storage Systems based on an instruction of Said 
computer, and 

transferring data from a storage 6ata-area contained in 
Said first Storage System to a storage area contained in 
Said Second Storage System based on Said acquired 
information by using Said first Storage System. 


